The rapid urbanization of African cities is one amongst other composite challenges hindering Africa's objective to provide stable socio-economic development and delivery of quality livelihood for its citizens and visitors at large. The establishment of Smart City initiatives in African cities is meant to improve the quality of lives of the residents of those cities. Information and communications technologies (ICT) are key enabling factors for this transformation and must be integrated into several functional domains of society, such as health, education, transportation, energy, etc., so as to engender efficient and ubiquitous public services, as well as higher socio-economic standards of living for the citizens. This paper highlights the potential benefits, as well as challenges, African cities embarking on Smart City initiatives face. To further grasp the motivations and challenges of implementing Smart City initiatives in Africa, we take a look at a new Smart City initiative (The SmartCity Innovation Hub, by Smart City Resort plc.) that is underway in the city of Lagos, Nigeria. We questioned the developers on their motivations for undertaking such a Smart City initiative in Africa, the potential economic, technological and environmental benefits of the project, and the challenges of embarking on such a project.
INTRODUCTION
African cities are growing at a phenomenal pace with rapidly growing populations and more people migrating from rural to urban areas in search of employment and better quality of life. It would be right to say that no African city has been prepared for this massive influx of people. Many towns were planned during colonial times for the small population that lived in cities in those days. The growth of cities that has followed in the past 50 odd years has been a result of no or little planning from governments. Cities and slums have grown in all directions with very little urban planning. Insufficient affordable housing has resulted in growth of slums in almost every city. Nairobi has approximately 2.5 million slum dwellers in about 200 settlements, representing 60% of Nairobi's population but occupying just 6% of the land. Nairobi's Kibera, the biggest slum in Africa, and one of the biggest in the world, houses about 250,000 of these people 1 . Limited land in many cities has led to encroachment of parks 1 http://www.kibera.org.uk/facts-info/ and green space, where if not slums, cheap, often unsafe highrise buildings have come up. The roads cannot cope with millions of cheap, unsafe, secondhand cars that the middle-class people can now afford, or the fancy cars that many more people can now buy. As there are few public transport alternatives many have no option but to travel with their own cars, causing pandemonium on the roads that were not build for so many vehicles and making "traffic" the most commonly used word in Africa now. A journey that used to take 15 minutes in Lagos or Nairobi just 25 years ago can now take up to 3 hours. Apart from the environmental effects of more vehicles on the road, the biggest impact has been on the loss of working hours; when people need hours to commute to and from work, they are only able to work a limited hours at their workplace. Other major problems have been in providing water and electricity to the new masses. Although new sources of energy are being investigated and implemented, many of the power plants are outdated and cannot keep up with demand. Daily power cuts are a common occurrence in almost all major cities in Africa. This has a major effect on the industry (unless companies can afford their own power generators), the economy and the general development of the nation. Due to climate change, rains are becoming more irregular and there is little rainwater harvesting when it does rain. Dry taps are a common sight, even in rich neighborhoods, and most people have to buy expensive water, even in towns located at lakes. This lack of basic human necessities, partly as a result of rapid urbanization of African cities, calls on their governments to smarten some of their existing cities to provide a decent quality of life to its citizens.
The concept of Smart City is one that has drawn a lot of discussions globally. Despite the fact that some see the Smart City slogan as a marketing tool, the concept in itself varies from city to city and country to country, based on their level of development and desire for improvement, coupled with the resources available to the residents of such cities or countries [1] . The question of what a Smart City is and when is a city considered smart will be answered in a later section of this paper, after examining the state of African countries and their economies today.
Development of Smart Cities brings with it numerous challenges (including availability of required resources such as financial, skills, technology, and energy resources), as well as huge opportunities (mainly better quality of life for its residents). Although African countries are lagging behind in smartening their cities, partially due to constraints listed above, there are many initiatives currently underway in the Continent that will hopefully over time help solve some of the 28 existing problems of traffic, insufficient water, energy and housing for the rapidly expanding urban population. The very large young technology-savvy population in Africa is not just demanding better quality of life but is increasingly looking for solutions to some of the social ills. Tech Hubs, accelerators and Incubators are increasingly a common sight in many major African cities. This paper is divided into various sections: this introductory section is followed by one that dwells on the state of African cities today, followed by section three focusing on the exponential technologies at play today and how some cities have taken advantage of such technologies. Section four covers the imperatives and challenges of smartening African cities, and finally, section five takes a look at a new Smart City initiative -Smart City Innovation Hub, being built in the city of Lagos, Nigeria. Inputs for this section were gathered directly from the Chief Promoter of the project, Sir Demola Aladekomo 2 .
STATE OF AFRICA TODAY
As mentioned above, African cities continue to be hampered with underdevelopment and weak standards of living, partially due to rapid and massive urbanization. The latter has brought about several challenges, including difficulties in proper waste management, traffic congestion and flow, various health concerns due to overcrowding, air pollution, lack of regular and sufficient electricity generation and its distribution and billing, poor water resource management, water availability and its distribution, deteriorating state of infrastructure, insufficient housing and schooling, and so on. Most of the cities in Africa are underdeveloped, poor, congested and inefficiently and ineffectively managed, leading to their underperformance and ineffective service delivery. This is despite the fact that there are several technologies whose benefits they can leverage upon to further their development aspirations. This inability to take advantage of new technologies, and become technologically and economically advanced, has continued to relegate them to a Third World status. Africa needs to develop with a sense of urgency and use new technologies (i.e. Information and communications technologies) to smarten up, become more effective and efficient and offer a better quality of living to its masses.
State Of African Economies
According to [2] , Africa's economic growth was impressive over a period of 15 years with the aggregate GDP rising from 2% between 1980 and 1990 to 5% in the period 2001 and 2014. However, in 2015, as figure 1 shows, the average growth of African economies weakened to 3.6% from 3.7% in 2014 [2] , far below East Asia's 6.4% and nowhere near enough to create sufficient jobs for the continent with the world's youngest and fastest growing population. The downturn of the economies was largely due to weaker global demand, and lower international prices, for Africa's natural resources. African economies rely heavily on export of their abundant commodities (such as tea, coffee, cocoa, oil, gold, minerals, etc.) for their GDP and foreign exchange reserves. The continent's growth has been sustained far too much by commodities and not much else. When prices of such commodities fall, the economies suffer. Nigeria gets 90% of its export revenue from oil, for instance, and the recent fall in 2 Sir Demola Aladekomo is the founder of Smart City Resort Plc., and the chief promoter of the Smart City Innovation Hub project. Appendix I contains answers to questions put forward to him with regards to the Project.
oil prices have left a big dent on its economy, that has so far seen very little diversification.
Although it is unjust to generalize about a continent with 54 countries, Africa has literally no manufacturing industry (especially for export purposes) to talk about and most manufactured goods are imported from either Asia or Europe. There has also been a lot of deindustrialization (manufacturing companies are either closing down or moving location elsewhere) as it was no longer profitable to make things locally in Africa; the Chinese imports are much cheaper! Manufacturing in Africa, as a share of GDP, shrunk from 20% to 10% between 1970 and 2013 [3] . For instance, 50 years ago Kenya had a thriving textile industry that is now literally nonexistent due to second-hand clothes from Europe and cheap fabrics from China. There are many more such examples from all parts of Africa.
Manufacturing in Africa has never been easy and it is in fact said to be getting harder; few companies want to invest in Africa even though the Continent is supposed to be booming, holds potential for growth and where companies could mint millions. There are many reasons for this including lack of sufficient demand for goods (making imports much more economical), poor infrastructures such as roads and transport system, erratic or insufficient power/energy supply that hinders production, corruption, red-tape, bureaucracy, trade unions, political insecurity, and so on. Although statistics are scarce in this part of the world, there is supposed to be a middle class of around 40% and the "well to do" of around 5% of the overall population in big economies such as that of Kenya, Nigeria, Ethiopia and South Africa, showing that there is a growing demand for goods. Also, the proportion of people living on less than $1.90 a day has fallen from 56% in 1990 to 35% in 2015 [3] . Although the middle class is currently small, it is growing fast in big cities and industrialization is urgently required to cater for their needs, to replace some imports, create jobs for the many unemployed and also to provide for foreign exchange. 
State Of African Cities
As mentioned earlier, African cities are becoming densely populated following the relentless and accelerated movement of people from rural areas to urban cities over the years. Today, about 430 million people live in African cities -which is about 42% of the Continent's population. The growth of African cities today however appears disorganized and frenzied, with most cities laden with poor infrastructure, limited transport services and scarcity of water and electricity. These are results of poor city planning and management. Very few towns have been prepared for this rapid influx of migrants from rural areas, who are largely moving in search of employment and better standards of living. Efficient management of their cities has become a thing of priority for most African governments and civic authorities [4] and many are turning to new technologies and tools to solve some of the problems and smarten these cities.
Compelling Reasons for Rapid Development of African Cities
Oxford Economics, a British firm that specializes in global forecasting and quantitative analysis for businesses and governments, predicts that over the next 15 years African cities will experience greater growth at rates higher than other regions of the world. In fact, they predict that Cape Town, Dar es Salaam, Johannesburg and Luanda are going to become Africa's major economic cities [5] . Also, according to UNHabitat, a United Nations agency, Africa is urbanizing at the rate of 4% per year and this population shift from rural to urban areas brings about several challenges, from overcrowding, crime, pollution, insufficient infrastructure and diseases [6] . Given the rapid growth of African cities and the concomitant congestion and pressure on infrastructure, the adoption of Smart City initiatives across African cities cannot be over emphasized and must be considered an imperative. Sir. Demola Aladekomo of Smart City Resort Plc., asserted that according to the CIA World Fact Book, the World Bank, and the International Monetary Fund, Africa ranks 6th out of the 7 continents of the world based on GDP per capita; GDP per capita here being the measure of the total output of a country's Gross Domestic Product divided by the number of citizens in the country.
ARGUMENT FOR DEVELOPING AFRICAN CITIES AS SMART CITIES
African cities are expanding rapidly, placing added pressure on both planning and infrastructure functionality. Africa's population is to double by 2050, and by 2030 over half of its population will be living in cities making it the world's fastest urbanising continent. Urbanisation is not a bad thing as it helps people out of poverty and advances economic development. However, the rapid growth of the cities leaves them vulnerable to environmental challenges and has led to growth of traffic, slums, pollution, crime, and unemployment in Africa. The current urban development pattern, which is dominated by unlimited outward extension, low-density residential developments, and haphazard patterns, is unacceptable. This pattern is destroying prime agricultural and environmentally sensitive lands, while increasing air pollution and traffic congestion. Lack of affordable housing has led to the growth of slums all over the Continent. These unplanned settlements and slums (alongside the alarming state of infrastructure) place high stress on Africa's environment and resources. Some cities (including Accra, Freetown, Ibadan, Kano, Kaduna, Kumasi and Lagos) have witnessed even parks and recreational gardens being converted into refuse dumps [7] . Only 40% of urban residents have access to proper toilets, a figure that has not changed since 1990. The existing transportation networks cannot cope with the increase in population, and new vehicles on the roads. In Nairobi, the primary means of transport is on foot, in South Africa the average commute by bus is 74 minutes each way [3] and in Lagos people spend at least 3 hours a day commuting. The long-term sustainability of the cities depends somewhat on the adequate management and protection of their ecosystem. Smartening of cities through Smart City initiatives therefore becomes imperative, as Smart City projects provide an efficient way of sustaining their ecosystems. African governments do not have the capability to deal with Smart City initiatives; it is best achieved by involving the private sector through a public-private-partnerships (PPP). Sir Demola Aladekomo is of the same opinion and has used the same concept for his Smart City Resort in Lagos, where the government is supporting the project through the provision of infrastructure and creation of local content policies whilst the private sectors is at the forefront of things. He also believes that a PPP boosts the confidence of both local and foreign investors.
Exponential Technologies Today
According to [8] , the world is at the verge of a new industrial revolution, the "Fourth Industrial Revolution (FIR)", leading to an era in which the world will be impacted by exponential disruptions of a magnitude higher than the 1st, 2nd, and 3rd industrial revolutions combined together. This new revolution is driven by over 36 novel areas of innovation in information technology (IT), amongst which are Robotics, Drones, Synthetic Biology, IoT/E (Internet of Things/Everything), Automated Vehicles or Driverless Vehicles, Cloud Computing, Big Data, Virtual/Augmented Reality, Artificial Intelligence, Quantum Computation, Machine Learning, Space/Rocket Technology, Nano Technology, Bio Engineering and 3D printing. These technologies have given rise to the digitization of practically all areas of endeavors in our economies. Virtually all major industries and areas of organizational activities are turning to information based activities or domains. 
Fig. 2. Some exponential technologies driving Smart City today

What is a Smart City?
The idea of a Smart City is primarily a concept with no clear and definite definition among academia and practitioners [9] . The consensus view however is that a city is said to be "smart" when traditional services and available infrastructure are made more flexible, efficient and sustainable through the use of ICT to the benefits of the residents of such cities [1] [9] . Others see it as a framework for the implementation of a particular technical solution that is not solely focused on technology but on the people [10] .
According to [11] , a Smart City is "a city that interconnects its physical, social and business infrastructure to fully utilize the collective intelligence of the city". He further writes that it is a city that uses information technology and other measures to improve the quality of life of its inhabitants, as well as the efficiency of the city's operations and services. Several others [12] , [13] , [11] and [14] have come up with studies on the concept of Smart City and brought to light various definitions, frameworks and implementation of Smart City.
As can be seen above, there is no universally accepted definition of a Smart City, especially one that takes the developing world conditions into account. Smart City means different things to different people and varies from country to country, depending on the level of development, resources and aspirations, and thus making identification of common global trends difficult.
In short, the idea of a Smart City is usually associated with the use of innovative technology (though not necessarily hightech), together with hard infrastructure and social capital, to efficiently drive sustainable economic growth, competitiveness, prosperity and a better life for its citizens. It is also about good governance -providing basic services to citizens, making cities "liveable", making better use of resources, and so on. The principal position of this paper is that a Smart City is one that makes use of modern exponential technologies of today to digitize its different sectors, industries and services, in order to engender greater management efficiency and effectiveness and those that are able to respond quicker to new challenges. We are of the opinion that the ultimate goal of implementing a Smart City should be focused on improving the quality of life of its citizens while reducing environmental costs.
Examples of Smart Cities
Cities around the world are taking advantage of the idea of Smart City initiatives to further smarten up their various sectors, industries, organizations and domains. According to a research conducted by Juniper [15] , Singapore is agreed to be the smartest city in the world. There are several factors that led to this ranking including, for example, the adoption of smart grid technologies, intelligent lighting, and use of technology to improve traffic, Wi-Fi access points, smartphone penetrations and the use of applications and sensors to achieve the interconnectedness of things.
We present below a few Smart Cities of the world and what are unique about each of them:
Singapore, as pointed out above, is ranked as the smartest city in the world [15] , [16] . The Singaporean Prime Minister, Lee Hsien Loong, launched the Smart Nation Program in late 2014. Virtual Singapore, a software that enabled city planners to run virtual tests in emergency evacuation scenarios at that time, helped to provide for informed decisions on what aspects of the city are best to digitize and how to go about them efficiently. The program has seen unspecified numbers of sensors and cameras being deployed across the island to monitor everything in the city, from its cleanliness to the traffic control system [17] . For instance smoking in unauthorized zones and unwanted littering out of high-rise buildings are some of the things that can be easily detected. The penetration of smartphones and broadband availability also helped in scoring the city-state high. A company named Singtel has launched a 10Gbps fiber broadband service 4 , to enable residents' access to fast broadband services at a high download rate. The government of Singapore makes public much of the data it collects and acknowledges privacy and security as the key concerns. It also assures that it works to ensure the anonymity of data where possible.
Barcelona is another city regarded among the top five Smart Cities in the world. It has made extensive use of sensors to help monitor and manage the traffic condition in the city, including smart parking, and smart streetlights and sensors for monitoring air quality and noise. The expansion of free Wi-Fi in public spaces also scores high in the ranking. Barcelona fell from its top position of a Smart City in 2015, according to recent research by Juniper, but was praised for its environmentally sustainable projects that are considered better than those of London and New York City [15] [16] .
London has also made it to the top Smart City rankings. It is known as a global center for entrepreneurship and for pioneering the use of open data to create innovative solution 4 http://www.straitstimes.com/tech/singtelsuperinternet-launch-10gbps-plans-for-home-users
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to solving the cities' on-the-ground challenges. Plagued with chronic congestion crisis, London implemented congestion charging through number plate recognition as well as smart parking and an intelligent traffic system 5 that prioritize public transport to private transport [18] . London is committed to making its Smart City initiative data available to the public via its London Datastore 6 . This has so far enabled developers of applications to make use of these data in the development of mobile and web applications. However, [15] notes that despite London excelling in several areas, its scores are brought down because of its dependence on unclean energy and relatively poor energy use reduction initiatives.
Seoul is also known for its cutting-edge technologies. Its OLEV (online electric vehicle) technology successfully developed and deployed, allows electric public buses and cars to be charged as they move across the surfaces [19] [20] . Electric cables located underneath the road generates magnetic fields that are then converted to electrical energy by the OLEV devices installed under the buses. Songdo 7 is a futuristic city experiment, just like the Smart City innovation hub, situated adjacent to Seoul's airport. This city is built from scratch and is equipped with ubiquitous Wi-Fi, sensor networks, eco-buildings and Internet of Things (IoT) enhanced smart homes. It has an efficient waste management plan where household wastes are being sucked underground, to processing plants where it is sorted, recycled or burned for fuel.
Dubai has grown from being a relatively small desert outpost to being a major global hub for business, financial services and transport over the last quarter of a century. It is renowned as a pcity with modern infrastructure and facilities, with capacity to grow further. With that grounding, the city is better positioned than other world cities to grow into a truly Smart City. Dubai Plan 2021 (based on a 2014 plan to make Dubai a "Smart City") includes plans to develop Dubai into a "smart, integrated and connected city". The plan has a strong environmental focus, with the aim of ensuring sustainable use of resources and using renewable energy sources. Plans to use data and mobile technologies are central to the strategy, from creating help-to-park apps to deploying smart meters to allow for energy and water consumption to be monitored in real time. Attaching solar panels to buildings and connecting those sources of power to the energy grid was also a major part of the plan, [21] .
Rio de Janeiro is also a leader in Smart City initiatives. After mudslides wreaked havoc in April 2010, the city's Mayor decided to set up the Rio Operations Center (COR), with the help of technology giant IBM. The centre coordinates more than 30 municipal agencies, using sensors, satellites, cameras and GPS systems to gather real-time information on traffic, weather, lighting, electricity use and other parameters. The information is then used to manage transport flow with the help of computerised traffic lights, to reroute cars around accidents and congested areas, and help emergency services navigate effectively. The city uses sensor data to make sure waste is picked up efficiently, and to provide extreme-weather warnings with the help of Facebook, Twitter and SMS messages to mobiles [22] . 
Prototypical Model of a Smart City
There are several combinations of components, as seen in figure 3 below, that make a city smart. Key amongst them are intelligent transport, smart mobility, smart healthcare, open data, smart grid, smart government, and smart homes. These components are provided based on the needs of cities and are not prototypical for those aiming to become smart. Cities have to identify the needs and provide smart solutions to those needs, whether it is transportation, energy or healthcare. Moreover, there are certain features or organizations a Smart City must possess, to yield the required benefits of being smart (see section 4.1).
Figure 3: Components of a Smart City [9]
According to [23] , Smart Cities should provide for, but are not limited to, the following:

Intelligent transport system: Transportation is key to any Smart City initiative. The interconnectivity of transport systems allows for different public transport systems to be coordinated and to provide information in real time [24] .  Smart Grid: Electricity is at the heart of a complex web of interdependencies, as most utilities depend on the availability of electricity. Smart grid provides the necessary amount of electricity needed by the city depending on the demand, as power failure has dramatic effects on water, communication, health, and transportation systems. Smart grids maximize power efficiency and are already being implemented by, for example, the Yokohama Smart City Project (YSCP, Yokohama, Japan), Envision Charlotte Project (Charlotte, North Carolina), Dubai Smart City (Dubai, United Arab Emirates), Power Matching City Project (Groningen, Netherlands), and IssyGrid (Moulineaux, France), [25] .  Tele-Care: Digital technologies are creating new health-care products but smart facilitation is changing how we manage healthcare. The use of remote monitoring systems has come to increase the way in which care is being delivered to patients and smart healthcare is supporting a shift towards broader view of health management and healthy living [26] . This system alerts drivers of available parking spots in a parking lot and can help reduce time wasted in looking for a lot to park, which in turn leads to a reduction of pollution. As pointed out in [23] , it is seen that reducing the average time required to park a vehicle from 15 to 12 minutes reduces the CO2 emission by 400 tons in a city like Barcelona.
The cities of the future will have to provide citizens with a more comfortable living experience and some of the above features are already making in-ways, mainly in the urban environments of developed countries today. Such applications are desperately and urgently needed in Africa, especially to deal with the pathetic traffic and transport situation and the erratic power and water supplies.
IMPERATIVES OF SMART CITIES IN AFRICA
As in all the previous industrial revolutions, the engines of economic growth tend to be the cities. These cities then lead to the country's prosperity. Therefore the urbanization that is currently taking place in Africa is not a bad thing at all as the skills of the masses can be used for the socio-economic development of the nation. As Joan Clos, the executive director of UN-Habitat affirms: "Urbanization in the Africa of today is an untapped tool for development and economic growth" [5] . However unless the African governments, in partnership with the private sector, take urgent action to deal with the social ills (traffic, lack of electricity, water and housing, unemployment, diseases, etc.) that have accompanied the rapid urbanization of their cities, there is little scope of economic prosperity. One option to deal with some of these problems is to use technologies currently available to smarten cities that in turn should bring about greater economic development [27] .
Building a Smart City is however a complex task as every city has its own unique challenges that require a mixture of several solutions. Most Smart Cities are not built from scratch but have gradually evolved to become smarter over time. Moreover, the Smart Cities of today are not smart in all aspects and there currently exists no fully "Smart City". These cities have a combination of components that make them smart, such as smart transport in Singapore, open data in London and smart energy in Barcelona. For African cities to become smart, they have to identify what problems need to be solved. Cities with congestion problems will become smart by implementing smart technology to solve their mobility problems.
The major determinants of Smart City are the people and infrastructure. Africa has a growing population of youths endowed with innovative and enterprising ideas, particularly in the ICT space. However, these skills need to be matched with adequate infrastructure to achieve effective results. Infrastructure here includes an enabling environment that makes capital or funding available, provides for an uninterrupted power supply, offers cheap Internet access, offers an efficient road network and transport system, and so on. In other words, a good ecosystem that allows innovations. Therefore, if Africa is in any way going to allow its techsavvy youths to take advantage of the smart tools currently available to solve some of its social problems, the Continent has to urgently deal with some of the above listed infrastructure problems. According to Sir. Demola Aladekomo of the Lagos Smart City Innovation Hub, "Africa is evolving and living up to the challenges and is well positioned to take advantage of the envisaged economic, technological, environmental and city-wide benefits of Smart City". He also affirms that African cities are ready to become smart and opined that "smartening" Africa is a welcome idea that must be embraced by African cities in order to bridge the gap between Africa and the rest of the world in science, technology, medicine and transportation.
Smart applications, revolutionising consumer and utility services can enable service providers to capture data and apply powerful analytics programmes. These tools can help cities to improve the access, reliability and resilience of its resources and spaces, from improved traffic and transport management to increasingly efficient provision of water, power and other key services [28] . Implementing Smart City projects can also lead to improved city management, economic growth, efficiency in energy consumption, creation of new jobs (direct and indirect) and much more.
Africa's cities are well positioned to rapidly transform through the greater use of advanced technology and data for the following reasons:
 Limited legacy infrastructure: Many African cities don't suffer from crippling costs associated with maintaining legacy infrastructure and systems. They therefore have the opportunity to start with the latest technology available and build on mistakes of the developed world.  Young population: The large educated young population is aspirational and these consumers want the same things (choice of food and housing, entertainment and interconnectivity, efficient transport systems, etc.) as others across the world. The young are also ICT-savvy and many have the skills to develop and apply applications that would smarten the cities.  Entrepreneurial spirit: Africans possess entrepreneurial skills and this combined with a young population, anxious to better their living conditions, can result in a powerhouse of innovation when appropriately enabled and empowered.  Telecommunications: The fastest telecoms growth worldwide has been seen in Africa in the past few years, with the advent of the mobile telecommunication industry. The impossible has become achievable (for e.g. mPesa of Kenya) and most people are now connected. This also means there is sufficient data already available that can be used for smart applications.
These benefits though, do not come without challenges as can be seen below.
Challenges of Turning African Cities Smart
African towns are facing a number of problems and challenges, stemming from years of hostilities and neglect of infrastructure, and unless something is urgently done about it (such as "smartening" them) the situation is bound to get out of control. The actual high level of urbanization (15 cities in Africa are coming up on the list of the world's 150 largest cities published by World Atlas 8 ), that places demands on existing, out-dated, infrastructure, is presenting a serious challenge to the Continent especially to improve service delivery to residents, to provide economic diversification, and to ensure greater operational efficiency. African cities have grown while their governments have failed to install the infrastructure that makes cities elsewhere work [3] .
The challenges to be considered for turning African cities to Smart Cities are gigantic and need a holistic approach to proffering solutions to these challenges. The challenge here are how to cater for the increased populations, providing basic amenities such as safe food, clean water, ease of transport and sufficient energy, while maintaining overall economic, environmental and social sustainability [29] . One of the biggest drawbacks most African countries face is the availability of funds sufficient (large part of funding is still used to line someone else's pockets) for large-scale projects, let alone Smart City ones. Most countries still depend on donor countries for funding infrastructure (with China currently playing a big role). According to Sir. Demola Aladekomo, "financing Smart City projects is a key challenge for starting and completing Smart City projects in Africa". A way out of this may be PPP where the governments join forces with the private sector and use their funds and skills to accomplish a project.
Apart from limited, or lack of financial resources, there are several other challenges that Africa faces in smartening its cities (in no order of importance): 
Energy as Africa Major Challenge
The energy sector is vital to the development of Africa and is yet thought to be the most poorly understood. In 2014 over 620 million people, living in sub Saharan Africa, were without access to electricity according to the International Electricity Agency (2014) [30] , with nearly 720 million people depending on inefficient and hazardous forms of cooking. Those who have access to modern forms of electricity face exorbitant prices for services that are neither efficient nor reliable. Nigeria that accounts for a third of subSaharan Africa's GDP, has just 5,000MW of on-grid power generating capacity, less than North Korea [3] . Electricity generating capacity has not kept up with population growth all over Africa and companies who can afford it have to import generators to meet their energy demands. Most hydroelectric power plants built during colonial times or shortly thereafter do not run in dry seasons. South Africa, one of the richest economies in Africa, has crumbling power stations from the 1960s that have not been replaced or upgraded, leading to power blackouts.
Rapid economic growth and rising population numbers are factors that have given rise to the increased need for electricity generation in Africa. Some African countries have had success in hydropower, though drought poses a threat to the efficiency of some hydroelectric plants. The use of coal is diminishing, but remains important with some African countries still making use of it for energy. Kenya, Botswana, Mozambique, and South Africa are among those planning new coal fired power stations because of its abundance in Africa. There are environmental concerns that plaque this method and that has given rise to increased focus on cleaner options like solar, renewable energy and natural gas [31] .
The energy conditions in Africa are not yet able to meet the demands and hopes of its citizens, and are also a hindrance to smartening cities. Energy is a key component of any Smart City initiative and its purpose is also to contribute in enhancing the quality of people's lives. Modern energy has the ability to unlock access to improved healthcare, improved education, improved economic opportunities and, even, longer life. Cities where efficient energy is not available face major constraints in their social and economic development. The provision of alternative sources of energy that are reliable and efficient, and an efficient means of managing the energy is a 34 surmountable challenge for Africa in general and for Smart Cities specifically.
Smart Energy Grids
With the increased power generation, comes the need to strengthen the national and regional grids to enable effective management. This calls for the implementation of smarter grids. Smart grids are evolved electricity grid systems that employ the use of advanced technology to manage the demand of electricity in a sustainable, reliable and economic manner 9 .
Most African cities have a poor electricity distribution system, with mostly the urban regions having more electricity than the rural areas. In some cases, the rural areas have excess power due to their low power consumption. Smart grids systems can help deal with this and also add monitoring, analysis, controls and communication capabilities on top of the existing electricity delivery system to maximize electricity throughput while reducing energy consumption. The benefits of employing such technology in African cities would be immense. Smart grids will bring about more efficient transmission of electricity, quicker restoration of electricity in case of power failures, reduced operations and management costs for utilities, and ultimately low power costs for consumers.
African Attempts at Making Their Cities Smart
African Cities are gradually moving towards Smart City initiatives to enhance the performance and quality of their urban services [32] . This is aimed at transforming the current state of African cities to achieve relevant benefits. Leapfrogging is one of the keywords in Africa today where cities that were lagging behind meet up or step ahead of those who previously were at the fore [33] . The World Bank identified over 100 tech hubs in Africa with Yabacon Valley 10,11 -located in the suburbs of Lagos, Nigeria, being the largest. Smart Cities, according to Sir Demola Aladekomo, are envisaged to have organic growth. They begin with an isolated Smart City initiative and consequently operations are transferred to other environments, leading to other parts of the city becoming smart. A few such African Smart City initiatives in Africa are highlighted in this section.
Kenya: Twende has been a solution for solving traffic congestion problems in Nairobi. This mobile application, for smartphones, was developed in IBM's research center in the country and has the ability to estimate traffic flow and provide alternate routes to destinations. Twende, a Swahili word for "let's go", utilizes captured images from low cost-cameras and applies network-flow algorithms to estimate traffic flow [34] [35] . This means of decongestion does not require expensive road construction but the use of already present cameras coupled with deep analytics and specialized algorithms to interpret data received. Another example from Kenya is the Ushahidi 12 Project. This open-source software for information collection has played a positive role in triggering the desired social change in the bid of smartening African cities. It was initially developed to map and report violence following elections in Kenya in 2008 but has now widely spread across the world and is now one of the most used platforms of its kind [36] [37] .
Mauritius: Ebene Cybercity was built over 15 years ago to create a modern working environment for workers, providing a hi-tech hub for Mauritius. It has as its facilities intelligent buildings, smart air conditioning, backup electricity generators to bridge frequent power cuts, networking systems to guarantee availability for businesses and high speed internet [38] .
Rwanda:
In cities such as Kigali new techno-cultures are emerging and seeking to bring the Smart City to a much larger proportion of the population through cheap and accessible smart-phones, successful place-based Apps and growing public interest in smart technologies being developed by African-based developers and users themselves. This new generation of Smart City innovators is increasingly connected through tech hubs and incubators for new businesses with spaces.
South Africa: In Johannesburg, the provision of free public Wi-Fi, smart meters for utilities and an app for public transportation in Cape Town are some of the Smart City initiatives of the government. These are both concepts and strategies that see the use of information technology to coordinate city operations like transport, public safety and access to services [39] [40] [41] .
Apart from the few above listed examples, African governments are also taking some initiatives to smarten their cities. The Transform Africa Summit organized in Kigali in October 2013, agreed on a Smart Africa Program, currently backed by 11 African countries, that builds partnerships with governments, academia, and private sector to increase the relevance of the ICT ecosystem. This Program is supported by the UNECA, World Bank, ITU and GSMA among others, and includes SMART Rural / Smart City initiative. Also, the Smart Africa Alliance has formed a partnership with Ericsson to meet the goal of developing a more connected and fully functioning knowledge-based society in Africa. As a result of the partnership, Ericsson will serve as a technical advisor and platinum private sector member collaborating with the Alliance to design blueprints supporting the implementation of the Smart Africa vision and plan [42] The Smart Africa Program has a Manifesto based on 5 principles:

To put ICT at the centre of our national socio-economic development agenda;  To improve access to ICT especially Broadband;  To improve accountability, efficiency and openness through ICT;  To put the Private Sector First; and  To leverage ICT to promote sustainable development (Smart Africa).
A NEW SMART CITY IN THE MAKING IN AFRICA
There is a growing interest in Smart City initiatives in Africa with several new city developments, such as Eko Atlantic City in Lagos, Konza City in Nairobi and Novas Centralidades in Angola to name a few. In Lagos, the SmartCity Resort Plc. has embarked on a Smart City project to provide a modern real estate and infrastructure project that would allow residents to live, work and relax in a very pleasant and 35 convivial environment 13 . The project is embarked upon in collaboration with government agencies and private sector players to provide Nigerians with a major IT Park that would drive innovation. The Smart City Innovation Hub is a mixed development ICT Park. It is calculated to ignite innovation and accelerate exponentially the rate of technology development and assimilation across West Africa. The Innovation Hub will provide a conducive cocoon in terms of physical and ICT infrastructure, energy, regulatory and fiscal policies, for the optimum and most profitable operation and development for technology products and/or service companies.
Sir Demola Aledekomo, of Smart City Resort Plc., in response to a question on the envisaged economic benefits of the project, declared that the benefits of embarking on the Smart City project are unending. He highlights improved city management, continuous economic growth, at least 30% efficiency in energy consumption and creation of jobs (direct and indirect) as some of the benefits of the project. Talking about the motivation for embarking on such a gigantic project, and in Lagos, Sir. Demola said that the Smart City Innovation Hub has as its vision, the creation of an oasis of sanity for innovation and technology space in Nigeria, that will significantly improve the GDP of the country. His motivation behind the project comes from life experiences, including the loss of his key staff to armed robbers in the Lagos traffic. The fact that Lagos state remains the economic capital of Nigeria, the 2nd fastest growing city in Africa, the 7th fastest growing city in the world 14 and the 25th largest city economy in the world, makes it a viable location for such a project. (The full interview with Sir Demola can be seen in the appendix).
CONCLUSION
A more informed and thoughtful approach to urban development is needed to achieve efficiency and long-term sustainability of African cities. The ability of connected devices to link with city infrastructure can change the way people live, work and move around urban environments. Cities can, through the successful adoption of the ideology and technology underpinning the Smart Cities concept, become globally competitive, drive economic development and deliver quality of life for all. A city is said to be smart if it has one or more smart components such as smart transportation, smart healthcare, smart governance, smart grid, as well as smart governance. However, the goal of any "Smart City" should be to use it as a driver for economic development in a sustainable way and not further contribute to the rural-urban divide that currently exists. Carelessly considered, hasty, and unplanned urban growth threatens sustainable development, and in effect ensures that the potential benefits of city living is distributed unevenly, thereby fuelling -rather than eradicating -inequality [43] . Smart Cities should make urbanization more inclusive, bringing together formal and informal sectors, connecting urban cores with peripheries, delivering services for the rich and the poor alike, and integrating the migrants and the poor into the city. Promoting Smart Cities is about rethinking cities as inclusive, integrated, and liveable. It is through the adoption of advanced technologies, and lessons learned from mature cities that allow the anticipated growth to be exponentially in functional, economic and social aspects. Is the Smart City concept a credible way forward for African cities that have limited financial resources and poor infrastructures, for instance? Yes, according to Sir. Demola Aladekomo. He further asserts that "a simultaneous development in smartening cities across Africa will lead to knowledge sharing among African cities, that in turn will lead to creating the needed synergy to enable African cities develop faster". The establishment of a Smart City is a journey completely dependent on the maturity status of each individual city and the availability of basic infrastructure, funding and skills. For small and medium-sized cities, which have limited access to financial resources for investment into innovative technologies, it is much more difficult to promote Smart City solutions. At the same time, these cities would benefit the most from the application of the Smart Cities approaches. The social and economic needs that have resulted from a crippling lack of infrastructure in Africa are also driving an unprecedented spate of innovation centered on the ability of digital and mobile technologies to deliver innovative new services, as we saw from the few examples listed in this paper. It is hoped that the tech-savvy young population, in combination with PPP, venture capital, Tech Hubs, will be able to come up with smart applications that will make life a little easier, and make governments notice the mess their city dwellers have to survive in. ICTs have a big role to play in smartening cities even if these technologies were used for a minor application such as that of traffic warning, it would make a big difference to commuters' lives.
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APPENDIX I Title:
The 
10.
How would you ensure that your project will operate to expectations after completion and outlive even your great ground children?
At Smart City Innovation Hub, we are building a sustainable city in which we will be equity holders and the Hub is open for investors and stakeholders to also hold equity.
This diversity in Management of the city will ensure amongst other things that the Hub is a "Going concern" and that the legacy lives on
